Abstract -In this paper we present a model to identify optimal operation strategies of electric distribution networks considering that one wants to minimize active power losses. This objective can be achieved by adequately selecting transformer taps and the sections of capacitor banks in operation. In order to turn the model more realistic the developed application admits the specification of admissible voltage ranges for each node and maximum branch currents. The integer nature of this problem virtually turned it impossible to be solved for real sized networks given the involved calculation time. In this paper we describe the use of Simulated Annealing to this problem in order to address the difficulties just referred. The developed application w i l l be illustrated using a IEEE test network and a reallstic network having 645 nodes based on a portuguese distribution system.
I. INTRODUCTION
The operation of distribution networks started to assume an increasing importance in recent years. This comes from recognizing that the operation of these networks directly affect the quality of service and that the operation in acceptable economic terms was also an important objective. In this scope, the identification of optimal operation strategies considering the minimization of active power losses is becoming more important. From this point of view, the operation of these networks is strorrgly determined by the position of transformer taps and the sections of capacitor banks in service. This is related to the possibility of increasing the efficiency in active power transmission, of reducing active losses and controlling voltage magnitudes. These aspects together with the advent of dispersed generation and the move towards electricity markets is imposing the upgrade of traditional SCADA systems to new DMS systems. The research described in this paper is being conducted exactly in this scope: to develop new applications, and to adapt already existing ones, so that one can address real operation problems present in electric distribution networks.
THE PROBLEM
The problem of minimization of active power losses in an electric network can be formulated by:
In this formulation, h() represents the AC power flow equations, tf stands for the available values of transformer taps, e, represents the available reactive powers of capacitor banks, V and 9 are the voltage magnitude and phase, gij correspond to the conductance of branch ij and
This problem has been traditionally addressed considering that transformer taps and capacitor bank sections are represented by continuous variables. The corresponding modified problem is a non linear optimization one that can be solved, for example, using a gradient based method. The solution obtained is at the end modified considering the existing transformer taps and sections of capacitor banks. This approach has several drawbacks. that can be addressed by adopting a meta-heuristic approach. In this scope, the Simulating Annealing technique is specially suited to this kind of problems since it uses a random search strategy determined by a set of parameters that can be specified by the user and it relaxes in a transitory way the optimality condition in order to escape from local optima. This way, the sampled and analysed system configurations integrate values for transformer taps and sections of capacitor banks that do exist, thus maintaining the integer nature of these variables. Apart from that, this optimization technique uses a probability of accepting solutions that, at a certain point of the algorithm, have worse performances. This probability decreases along the iterative process and can be used to search on a wide area of the solution space thus contributing to avoid the convergence to local optima.
RESULTS
The proposed paper will include results of the application of this approach to:
-the IEEE 24 nodes / 38 branches test system. This network was adapted considering that it integrates five transformers having each one 11 taps and two capacitor banks each one having five sections. The optimal configuration in terms of active loss minimizationobtained by enumeration and analysis of all possible configurations -was also obtained in order to evaluate the performance of the Simulated Annealing approach; -a realistic distribution network based on a portuguese distribution system. This network has 645 nodes and integrates five transformer having each one 21 taps and four capacitor banks having each one two sections.
is the current magnitude flowing in branch ij.
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